Context Previous studies have suggested that subclinical abnormalities in thyroidstimulating hormone levels are associated with detrimental effects on the cardiovascular system.
C ARDIOVASCULAR DISEASES (CVDs) are the most common cause of mortality, primarily affecting older adults. Heart disease causes nearly 700 000 deaths annually in the United States. 1 Although established risk factors explain most cardiac risks, 2 significant attention has been focused on alternative biochemical markers to assist in identifying those at risk of a clinical cardiac event. 3 Previous studies have suggested that abnormal levels of thyroidstimulating hormone (TSH) may represent a novel cardiac risk factor. [4] [5] [6] [7] [8] Thyroid hormone excess and deficiency are common, 9, 10 as well as readily diagnosed and treated. Even mildly altered thyroid status reportedly affects serum cholesterol levels, 11 heart rhythm 12 and rate, 13 ventricular function, 14, 15 risk of coronary artery disease, 4, 8, 16 and cardiovascular mortality. 5 However, the relationship between abnormal thyroid function and cardiovascular outcomes remains unclear, as prior studies reporting a relationship included individuals with overt thyroid disease when categorizing subclinical thyroid disease 12 ; included individuals taking thyroid hormone 8, 17 ; inadequately adjusted for important confounders or initiation of thyroid hormone therapy 4, 5, 8, 17 ; or used poorly characterized cardiovascular end points. 4 Furthermore, no clinical trials have been performed to examine whether correction of thyroid dysfunction results in improvement of cardiovascular outcomes. This lack of experimental evaluation has resulted in continued controversy, as detailed in recommendations by both an expert panel and the US Preventive Services Task Force. 18, 19 Using data from a large cohort study representative of communitydwelling individuals aged 65 years or older, we have tested the hypothesis that abnormal thyroid status is associated with increased cardiovascular risk and mortality in individuals with unrecognized thyroid dysfunction.
METHODS

Study Population
These analyses are based on data in the Cardiovascular Health Study (CHS). 20 The CHS is a population-based, longitudinal study of risk factors for the development of CVD in 5888 adults aged 65 years or older. Enrollment of an original cohort of 5201 adults occurred between May 1989 and June 1990, and an additional cohort of 687, predominantly African Americans, was enrolled in 1992-1993. Eligible individuals were identified from an age-and sex-stratified random sample of the Medicare eligibility rosters in 4 US communities: Washington County, Maryland; Pittsburgh (Allegheny County), Pennsylvania; Sacramento County, California; and Forsyth County, North Carolina. To be eligible, individuals had to be noninstitutionalized; expecting to remain in the area for the following 3 years; not in active treatment for cancer; not wheelchair-bound in the home; not requiring a proxy respondent at entry; and capable of providing consent. Household members of the sampled individual were recruited, if eligible. The institutional review boards of all 4 sites and the coordinating center at the University of Washington in Seattle approved the study. All participants gave written informed consent.
At the initial visit, a detailed medical history (including medication history), physical examination, and health status assessment that included any evidence of vascular disease were performed. Blood was drawn after a 12hour fast and serum was frozen in −70°C freezers for future investigations.
Thyroid Hormone Analyses
Thyroid function tests were performed at the Nuclear Medicine In Vitro Laboratory of the Johns Hopkins Hospital (Baltimore, Md) from 1991 through 1993 in a subsample of individuals from the original cohort, selected according to availability of stored serum for analysis. Serum TSH concentration was measured using a chemiluminescent immunometric assay (LumaTag hTSH, Nichols Institute, San Juan Capistrano, Calif ) with a functional sensitivity of 0.008 mU/L. Of the 3699 samples tested, there was sufficient serum for analysis in 3678 (99%). Free thyroxine (FT 4 ) concentrations were measured in individuals with serum TSH levels of less than 0.10 mU/L or more than 4.50 mU/L for the 95% of samples with sufficient serum for this additional test, which was performed with a direct monoclonal antibody assay (Amerlex-MAB, Amersham International, Amersham, England) with a normal range of 0.7 to 1.7 ng/dL (9-22 pmol/L).
Participants from the CHS in whom thyroid function testing was performed were more likely to be female than those in the untested group. The mean ages of the tested and untested groups were not different, nor were there differences in race, income, thyroid medication use, or prevalent CVD.
Classification by Thyroid Status
Study participants were classified into 1 of the following 5 groups based on their thyroid function tests:
1. Overt thyrotoxicosis was defined as a TSH concentration of less than 0.10 mU/L with an elevated FT 4 level (n =2).
2. Subclinical hyperthyroidism was defined as a TSH concentration of 0.10-0.44 mU/L (n = 40) or less than 0.10 mU/L with a normal FT 4 concentration (n=7).
3. Euthyroidism was defined as a normal TSH concentration (0.45-4.50 mU/L) (n=2639). 4. Subclinical hypothyroidism was defined as a TSH concentration of more than 4.50 mU/L and less than 20 mU/L with a normal FT 4 concentration (n=496). 5. Overt hypothyroidism was defined as a TSH level of 20 mU/L or more (n=33) or a TSH concentration of more than 4.50 mU/L with an FT 4 concentration level below normal (Ͻ0.7 ng/dL [Ͻ9 pmol/L]) (n=18).
Because our primary study question pertained to unrecognized thyroid function testing abnormalities, participants taking thyroid hormone preparations at baseline were excluded from the above categorization (n = 339), as were individuals taking other medications that could affect thyroid testing, including antithyroid drugs and corticosteroids (n=78). No patients were taking amiodarone at the baseline examination. One participant whose test result suggested nonthyroidal illness (low TSH and low FT 4 levels) was excluded. Those with definite (n=2) or possible (n=2) overt thyrotoxicosis were also excluded based on the small number in this category.
Ascertainment of Events
The events studied were atrial fibrillation, coronary heart disease, cerebrovascular disease, and death (cardiovascular and all-cause). Atrial fibrillation at baseline was self-reported or determined with a 12-lead resting electrocardiogram (ECG) or Holter monitor. Incident atrial fibrillation was determined from self-report, annual ECG, or International Classification of Diseases, Ninth Revision hospital discharge codes 427.3, 427.31, or 427.32. Coronary heart disease was defined by the occurrence of angina, myocardial infarction, coronary angioplasty, or coronary artery bypass graft surgery. Cerebrovascular disease was defined as THYROID STATUS, CARDIOVASCULAR RISK, AND MORTALITY IN OLDER ADULTS a cerebrovascular accident or a transient ischemic attack. Subclinical CVD, which has been shown to be an independent predictor of CVD in the CHS population, 21 was defined as any 1 of the following: ankle-arm index of 0.9 or less, common or internal carotid wall thickness of more than the 80th percentile, carotid stenosis greater than 25%, major ECG abnormalities, Rose questionnaire claudication-or anginapositive, or abnormal ejection fraction or wall motion on echocardiogram in the absence of clinical CVD. Cardiovascular deaths were defined as those due to atherosclerosis (including peripheral vascular disease), coronary heart disease, cerebrovascular events, and other cardiovascular causes.
Participants were contacted semiannually regarding hospitalizations or new occurrences of cardiovascular events. The full details of the surveillance and ascertainment of events in the CHS have been published previously. 22 Provisional diagnoses of coronary heart disease and cerebrovascular disease were reviewed and adjudicated at periodic meetings of the study's morbidity and mortality subcommittee, including investigators from each field center and the coordinating center. All outcomes were adjudicated except atrial fibrillation. Information about deaths was obtained from reviews of medical records, death certificates, autopsy reports, and coroners' reports. Ascertainment of mortality in the CHS was 100%. The incident events in this report occurred after baseline and through June 30, 2002, with a mean duration of follow-up of 12.5 years.
Assessment of Covariates
Thyroid and lipid-lowering medication use was assessed annually via medication bottle examination. Information on race was collected in the CHS to examine racial differences in CVD risk. Race was self-described as white, black, American Indian/Alaskan native, Asian/Pacific Islander, or other after reviewing a card that displayed these options. Fasting total cholesterol, highdensity lipoprotein cholesterol, and tri-glycerides were measured directly and standardized according to Centers for Disease Control and Prevention guidelines, with low-density lipoprotein cholesterol calculated according to the Friedewald equation. 23 Hypertension was defined as systolic blood pressure of 140 mm Hg or more, diastolic blood pressure of 90 mm Hg or more, or selfreport of hypertension and antihypertensive medication use. Diabetes was defined as a fasting glucose level of 126 mg/dL (7.0 mmol/L) or more or use of insulin or an oral hypoglycemic medication. Impaired fasting glucose was defined as a fasting glucose level of 100 mg/dL (5.6 mmol/L) or more. C-reactive protein was measured using an enzyme-linked immunosorbent assay (CHS Blood Laboratory, Colchester, Vt).
Statistical Analysis
Study participants' baseline characteristics were summarized according to thyroid status and compared with those in the euthyroidism group using a t test or 2 test as appropriate. Incidence rates of cardiovascular and total mortality and first occurrence of coronary heart disease or cerebrovascular disease were calculated by dividing the total number of each event by person-years at risk among participants without clinical CVD or atrial fibrillation at baseline. Incidence rates of atrial fibrillation were calculated similarly, excluding only participants with atrial fibrillation at baseline from the risk set. Kaplan-Meier analysis was used to study the cumulative incidence of atrial fibrillation, cerebrovascular disease, coronary heart disease, and mortality by thyroid status across the 13 years of follow-up.
Multivariable Cox regression models were used to estimate the hazard ratio (HR) of each thyroid status group compared with the euthyroidism group, adjusting for other baseline risk factors or potential confounders and thyroid medication use during follow-up. Participants who died or were lost to follow-up before having an event were censored at the date of death or last contact. Both incident and recurrent coronary heart disease and cerebrovascular events were considered, but only incident atrial fibrillation was modeled. Models were originally stratified by CVD status at baseline and by sex. Results were consistent across strata and, when combined, statistical tests for interactions between thyroid status group and sex or between thyroid status group and baseline CVD were not significant. Final models included men and women and participants with and without CVD at baseline. Models were done in stages, adjusting first for age, sex, disease status at baseline, and thyroid medication use during follow-up as a time-dependent covariate. For atrial fibrillation, the second and final stage of analysis added black race, left atrial size, systolic blood pressure, fasting glucose level, valvular disease history, and diuretics or ␤-adrenergic blocking agent use, factors that have previously been shown to predict atrial fibrillation in CHS. 24 For other outcomes, a second adjustment stage added black race, smoking status (never, former, or current), and diabetes. Cardiovascular risk factors that could have been mediated via thyroid dysfunction were added in the final adjustment stage, and included low-density lipoprotein cholesterol, lipid-lowering medications, hypertension, body mass index, and C-reactive protein. Results from the second and final models were compared to assess for overadjustment in the final model. Separate models that incorporated thyroid hormone use as a time-dependent covariate and that censored at the time of thyroid hormone use were examined, with similar results; the model incorporating the time-dependent covariate is shown. All analyses were conducted using SPSS for Windows, version 13 (SPSS Inc, Chicago, Ill) and STATA, version 9 (Stata Corp, College Station, Tex), and PϽ.05 was considered statistically significant for all analyses.
RESULTS
Baseline Characteristics
At study entry, 2639 individuals (82%) had euthyroidism. Subclinical hypothyroidism had the highest prevalence of any thyroid testing abnormality (n = 496; 15%), with fewer participants displaying results consistent with overt hypothyroidism (n=51; 1.6%) or subclinical hyperthyroidism (n = 47; 1.5%). Ages were similar across all thyroid status categories in these elderly participants, with a mean age of 72.7 years (TABLE 1) . Women were more likely to have subclinical thyroid dysfunction than men, achieving statistical significance for the comparison between the subclinical hypothyroidism and euthyroidism groups.
Examination of cardiovascular risk factors showed that study participants with subclinical hyperthyroidism had a higher body mass index than those with normal thyroid function, along with higher fasting insulin levels and a non-statistically significant higher prevalence of hypertension. Among those not using lipid-lowering medications, serum total low-density lipoprotein and total cholesterol levels were lowest in the subclinical hyperthyroid-ism group and highest in the overt hypothyroidism group; furthermore, those with undetected overt hypothyroidism used lipid-lowering medication the most. However, lipid levels did not differ between the subclinical hypothyroidism and euthyroidism groups, and those with subclinical hypothyroidism had a slightly lower rate of lipidlowering medication use.
Prevalent CVD by Thyroid Status
There was no difference in atrial fibrillation, coronary heart disease, cerebrovascular disease, or subclinical CVD at baseline between the euthyroidism group and any of the 3 thyroid dysfunction groups (TABLE 2) .
Thyroid Medication Use During the Study
Thyroid medication use was available throughout follow-up. Seven participants in the subclinical hyperthy- Abbreviations: BMI, body mass index, defined as weight in kilograms divided by the square of height in meters; CRP, C-reactive protein; HDL, high-density lipoprotein; IFG, impaired fasting glucose; LDL, low-density lipoprotein; Lp(a), lipoprotein(a); TSH, thyroid-stimulating hormone. SI conversions: To convert free thyroxine to pmol/L, multiply by 12.87; LDL, HDL, and total cholesterol to mmol/L, multiply by 0.0259; and glucose to mmol/L, multiply by 0.0555. *See "Methods" section of text for thyroid category definitions. Data are presented as mean (SD) unless otherwise indicated. †PϽ.05 for comparison with euthyroidism category. ‡Geometric mean. 
Incident Atrial Fibrillation by Thyroid Status
After excluding those with prevalent atrial fibrillation, individuals with subclinical hyperthyroidism had a greater incidence of atrial fibrillation over the 13-year follow-up than the euthyroidism group, with 67 vs 31 events per 1000 person-years (PϽ.001) (FIGURE and TABLE 3) . This effect persisted after sequential adjustment for other risk factors for atrial fibrillation. As shown in Follow-up, y PϽ.001 for comparison of atrial fibrillation incidence between subclinical hyperthyroidism and euthyroidism groups; P=.02 for comparison of mortality between subclinical hyperthyroidism and euthyroidism groups. All other comparisons are not statistically significant.
We subsequently repeated these analyses, limiting it to those with a TSH level of 0.1 to 0.44 mU/L (n = 40). The incidence rate in this subgroup was 59 per 1000 person-years (P = .007 compared with the euthyroidism group). After adjustment for age, sex, baseline clinical cardiovascular disease, and thyroid hormone use during follow-up, the HR was 1.85 (95% CI, 1.14-3.00).
Incident and Recurrent Cardiovascular Events by Thyroid Status
There were no differences in the incidence of coronary heart disease, cere-brovascular disease, cardiovascular death, or all-cause death between the euthyroidism and subclinical or overt hypothyroidism groups (Figure and  TABLE 4 ). There was a statistically significant increase in mortality in the subclinical hyperthyroidism group (58.1 vs 34.2 events per 1000 personyears; P = .02), which disappeared after adjustment for age and sex (P = .29). We subsequently evaluated the relationship between each thyroid status group and each cardiovascular outcome using various modeling strategies in adjusted analyses. No thyroid category was statistically sig-nificantly different from the euthyroidism category; thus, only our crude and final models are displayed in TABLE 5. After adjustment, those with subclinical hypothyroidism had an HR of 1.07 (95% CI, 0.90-1.28) for coronary heart disease. All-cause death was not increased in subclinical hyperthyroidism (HR, 1.08; 95% CI, 0.72-1.62) or subclinical hypothyroidism (HR, 1.14; 95% CI, 0.98-1.32). Estimates for each of the covariates included in the final model for coronary heart disease validate increased risk associated with age, male sex, diabetes, low-density lipoprotein cholesterol level, hypertension, C-reactive protein level, and baseline CVD in our study population, while showing no appreciable increase in risk from any of the thyroid categories.
COMMENT
We report an independent association of subclinical hyperthyroidism with incident atrial fibrillation but not with other clinical cardiovascular conditions or mortality in a large, populationbased cohort designed to examine cardiovascular risk factors in men and women aged 65 years or older. We also found no relationship between subclinical hypothyroidism or overt hypothyroidism and prevalent or incident atherosclerotic disease, cardiovascular mortality, or all-cause mortality, though relationships between traditional cardiovascular risk factors and CVD were confirmed in our models.
Prevalence of Endogenous Thyroid Dysfunction
Excluding those taking thyroid hormone preparations, the prevalence of subclinical hyperthyroidism in our cohort was 1.5%, a percentage that is lower than in 2 published reports on older people. 12, 25 The prevalence of subclinical hypothyroidism was 15%, which is comparable with estimates from several community-based cohorts [26] [27] [28] and somewhat higher than others. 4, 25, [29] [30] [31] The discrepancies seen in these prevalence rates likely reflect dif- †PϽ.001 for comparison with euthyroidism category; P = .001 after adjustment for age and sex. ‡Model 1 is adjusted for age, sex, clinical cardiovascular disease at baseline, and thyroid medication use during follow-up. §Model 2 is adjusted for the covariates listed for model 1 plus left atrial size, systolic blood pressure, fasting glucose, history of valvular disease, and use of diuretics or ␤-blockers. THYROID STATUS, CARDIOVASCULAR RISK, AND MORTALITY IN OLDER ADULTS ferences in definitions of subclinical thyroid disease and the health status of participants among the cohorts.
Subclinical Hyperthyroidism
Our findings of increased risk of atrial fibrillation concur with a crosssectional study 32 and with prospective results from the Framingham Heart Study, in which individuals with TSH values of 0.1 mU/L or less who were not receiving thyroid hormone therapy had an adjusted relative risk of 3.8 (95% CI, 1.7-8.3) for developing atrial fibrillation and those with TSH values between 0.1 mU/L and 0.4 mU/L had an adjusted relative risk of 1.6 (95% CI, 1.0-2.5). 12 Individuals with elevated thyroxine levels, indicating overt hyperthyroidism, were included in their category of TSH values of less than 0.1 mU/L, which could have led to an overestimate of the effect of subclinical hyperthyroidism. Our results clearly show a relationship between low TSH levels and atrial fibrillation incidence in older individuals with endogenous subclinical hyperthyroidism, including those with TSH levels of 0.1 mU/L to 0.44 mU/L. We found no relationship between subclinical hyperthyroidism and atherosclerotic CVD, cardiovascular mortality, or all-cause mortality between those with subclinical hyperthyroidism and euthyroidism. In contrast, Parle et al 5 reported a higher cardiovascular mortality rate in those with TSH levels of less than 0.5 mU/L in comparison with the remainder of their cohort and the mortality rate from circulatory disease in England and Wales. However, their analyses are limited by a less rigorous definition of subclinical hyperthyroidism, so that those with other causes of low TSH level may have been included in their low TSH category and, by minimal adjustment for other covariates, associated with cardiovascular mortality, excepting age and sex.
Subclinical Hypothyroidism
We found no association between subclinical hypothyroidism and atherosclerotic disease, either prevalent or incident. Multiple prior studies have examined the relationship of subclinical hypothyroidism and CVD. They have shown subclinical hypothyroidism to either increase 4, 6, 8 or have no effect 5,17,33 on CVD risk, though 1 has shown decreased cardiovascular and all-cause mortality, 34 and each has had serious design limitations not present in our study, fueling the controversy rather than providing evidence to resolve it.
Cross-sectional associations between subclinical hypothyroidism and CVD 4, 6, 8 have held up longitudinally in only 1 study, the Busselton Health Study. 8 Although the Busselton Health Study has 20 years of follow-up, data were not collected specifically on thyroid hormone therapy; cardiovascular events were collected by record linkage rather than prospective follow-up and adjudication; and low-density lipoprotein cholesterol concentrations were not available for adjusted analyses. Interestingly, the separation in CVD risk between the subclinical hypothyroidism and euthyroidism groups did not occur until 10 years of follow-up.
Our study suggests an increase in allcause mortality in the subclinical hypothyroidism group at 10 years, which is not paralleled in the atrial fibrillation, coronary heart disease, and cerebrovascular disease curves, which are nearly indistinguishable from the euthyroidism group over the entire study follow-up. The late increase in allcause mortality either reflects an increase in noncardiovascular causes or is simply due to chance.
Other studies that have shown no association between subclinical hypothyroidism and cardiovascular risk have been questioned because of shorter follow-up 5, 17 or inclusion of individuals who subsequently initiated thyroid hormone therapy, which theoretically could have attenuated their cardiovascular risk. 33 During the course of our study, 27% of those in the subclinical hypothyroidism group initiated thyroid hormone therapy. We saw no evidence of an effect on cardiovascular risk, and our thyroid hormone therapy covariate was not statistically significant for any of the outcomes studied, suggesting that thyroid hormone initiation has no effect on cardiovascular risk.
Thyroid Status and Atherosclerotic Risk Factors
Our results suggest a dose-response effect between TSH and serum total cholesterol levels, with the lowest levels of cholesterol present in those with subclinical hyperthyroidism and the highest in those with overt hypothyroidism, a previously reported effect. 31, 35 In our cohort, individuals with hypothyroidism had the highest levels of serum total and low-density lipoprotein cho- lesterol and took lipid-lowering medications at 3 times the rate of the euthyroidism population. This finding highlights the need to investigate secondary causes of hypercholesterolemia before initiation of lipidlowering medications, as recommended by the National Cholesterol Education Program. 36 Earlier observational studies examining the relationship between subclinical hypothyroidism and cholesterol levels yielded conflicting results. 37 In our study, serum cholesterol concentrations were similar between individuals with normal thyroid function and with untreated subclinical hypothyroidism. Similarly, there were no differences in lipoprotein(a), C-reactive protein, or fasting insulin and glucose concentrations between those with normal thyroid function and subclinical hypothyroidism.
Strengths and Weaknesses
A major strength of our study is the use of a large, population-based cohort of older men and women, designed to examine cardiovascular risk factors, with an average of 12.5 years of follow-up data for events. The prevalent and incident disease assignments were made using objective information collected during examination and review of hospital and physicians' records. 20 Laboratory assays were performed without knowledge of CVD status. Furthermore, we excluded individuals taking thyroid medication or with other conditions that could affect thyroid function testing at baseline, and we incorporated thyroid medication use over time as a time-dependent covariate to examine risk of endogenous thyroid dysfunction.
We performed analyses using multiple models: stratified by sex and prevalent CVD, adjusting for incident thyroid hormone use in several ways (none, censoring at the time of thyroid hormone initiation, or used as a time-dependent covariate), and adjusting for cardiovascular risk factors in a stepwise manner to avoid overadjustment. We showed an independent effect of subclinical hyperthyroidism on incident atrial fibrillation and of traditional cardiovascular risk factors on incident CVD. The presence of these positive findings and the thoroughness of our modeling strategies suggest that it is unlikely that we failed to detect a cardiovascular risk factor of consequence in the remainder of our analyses. Post hoc calculations showed adequate power to detect meaningful differences between the subclinical hypothyroidism and euthyroidism groups for each outcome; specifically, our study had adequate power to detect an HR of 1.30 or higher for coronary heart disease and an HR of 1.26 or higher for allcause death.
We are limited in looking at thyroid function testing abnormalities to a single point in time. Thus, we are unable to comment on the relationship between persistent thyroid abnormalities and CVD and mortality. In addition, the number of individuals with subclinical hyperthyroidism or overt hypothyroidism is small in our study, limiting our power to detect an effect of either of these types of thyroid dysfunction on CVD outcomes or mortality.
Clinical Implications
Thyroid testing abnormalities are quite common in older women and men without known thyroid dysfunction. While the US Preventive Services Task Force and an expert panel do not recommend generalized screening for thyroid disease, 18, 38 the American College of Physicians currently advises screening women older than 50 years for unsuspected but symptomatic thyroid disease, 39 and the American Thyroid Association recommends screening adults every 5 years beginning at age 35 years. 40 Our analyses do not support screening older individuals solely to prevent atrial fibrillation, with an estimated number needed to screen of 2500 older individuals to find 1 case of atrial fibrillation associated with subclinical hyperthyroidism. Our findings suggest that if endogenous subclinical hyperthyroidism is detected, older individuals may benefit from treatment to prevent atrial fibrillation. An expert panel has recommended consideration of treatment for those with endogenous subclinical hyperthyroidism and TSH levels below 0.1 mU/L, with insufficient evidence to treat those with TSH levels between 0.1 mU/L and 0.45 mU/L. 18 Our data support treatment of all older individuals with subclinical hyperthyroidism, even those with mild decreases in TSH level (0.1-0.44 mU/L). Our analyses do not support screening older individuals for thyroid disease to prevent CVD, and, although our data are observational, they do not support treatment of individuals with subclinical hypothyroidism to prevent cardiovascular events.
